Introduction
Frontotemporal dementia (FTD) is a neurodegenerative disorder predominantly affecting the frontal and temporal lobes, presenting with prominent behavioural and personality changes, followed by disturbances of executive functions, language and memory. Although often under-recognised, FTD accounts for about 13% of dementia cases and for 12-22% of dementia incidences starting before the age of 65 years [1, 2] . In 1994 the Lund and Manchester international consensus meeting drew the attention towards the syndrome in a mainly descriptive way [3] . A few years later, the Lund and Manchester criteria were refined to the concept of frontotemporal lobar degeneration (FTLD), representing a clinical spectrum of the prototypical variants FTD, semantic dementia and progressive non-fluent aphasia [4] . For FTD a set of 5 core criteria was formulated together with a number of supportive features and exclusion criteria. In the most recent consensus conference, FTLD was simply divided into the behavioural and the language variants of FTD, whereas the main focus lies on pathological classification [5] . To date, the most broadly applied in clinical practice are the Neary and Snowden diagnostic criteria [4] . In clinical practice, the use of these criteria raises several questions. Their reliability has only scarcely been investigated and no prospective studies have been performed. The most recent study investigated ante-mortem clinical diagnoses in 34 patients with autopsy-proven FTLD in a memory clinic cohort and found a sensitivity of 85% and a specificity of 99% of the Neary and Snowden diagnostic criteria [6] . In this study, diagnoses were based on the composite of the clinical syndrome, neuropsychological findings and neuroimaging results, evolving over time. A retrospective clinico-clinical study, however, found that the core clinical diagnostic criteria had a sensitivity of only 36.5% for FTD [7] . Moreover, it is hard to qualify and quantify behavioural and emotional characteristics represented in the 5 core diagnostic criteria, all needed for a diagnosis of FTD. As it is allowed to make a diagnosis of FTD based on purely clinical criteria, however, correct application of these behavioural criteria is essential. Observation of the patient is 1 means to do so, however, for a full appraisal of behavioural and emotional changes, the caregiver history is indispensable. In the current study the presence or absence of the Neary and Snowden core diagnostic criteria for FTD was rated by caregivers using an informant-based questionnaire. The diagnostic accuracy of the operationalised clinical diagnostic criteria was determined with reference to the multidisciplinary diagnosis confirmed by at least 1 year of followup.
Methods

Development and Application of a Questionnaire
A written caregiver questionnaire was developed in which the 5 core diagnostic criteria were formulated as a question. For example, 'an early change in personal behaviour' was formulated as: 'Has there been an evident change of his/her personal behaviour?' The addition 'early' is not formulated in this question, as only subjects with no or mild dementia were included (see patient section). On the other hand, to avoid a high number of positive answers in all cases with slight personal behaviour change, the addition 'evident' was made. Subsequently, only in case of a positive answer to the questions on 'behaviour towards other people' (question No. 2) and 'personal behaviour' (question No. 3) a second set of questions was presented to identify the type of behaviour or personality change. These were derived from various questionnaires and descriptions of characteristic behaviour in FTD in the literature [3, [8] [9] [10] [11] [12] . The original Dutch version as well as a translation of the full questionnaire is illustrated in the appendix.
The questionnaire was sent to caregivers or relatives of subjects visiting the VU University Medical Centre (VUMC) memory clinic prior to their first consultation, as part of the standard screening procedure. They were strictly instructed to fill in the questionnaire independently of the patient. The completed questionnaires were stored apart from the medical notes of the patients during the inclusion period. The subjects were referred for memory and/or behavioural complaints by general practitioners and medical specialists (neurologists, psychiatrists and geriatricians).
Acquisition of Patients and Diagnostic Procedure
All subjects underwent a standard diagnostic procedure including extensive and detailed medical and informant-based history, physical and neurological examination, screening laboratory tests, psychometric testing, EEG and MRI. [15] . In most cases the Mini-Mental State Examination (MMSE) was performed [16] . On indication, the patients underwent a second set of investigations, such as sleep registration. 99m Tc-hexamethyl propyleneamine oxide (HMPAO) SPECT or 18 F-fluorodeoxyglucose PET were performed in case of suspected dementia but normal structural imaging or to differentiate between types of dementia, mostly FTD and Alzheimer's disease (AD). Diagnoses were made in a multidisciplinary team consisting of neurologists, a psychiatrist, a geriatrician, a clinical neurophysiologist, a radiologist and a neuropsychologist, who were blind to the questionnaire answers. Detailed history taking, cognitive examination and behavioural observation were part of the routine screening procedure. Diagnoses were based on the respective international diagnostic criteria [17] [18] [19] [20] . The clinical diagnosis of FTD was based on personality and behavioural change resulting in social dysfunctioning, emotional blunting and lack of insight, taking into account the supportive and exclusion criteria of Neary and Snowden [4] . Stability of the multidisciplinary diagnosis of FTD after 1 year of clinical follow-up was used as the gold standard. All other diagnoses were kept under review and discussed in the multidisciplinary team after 1 year as well.
To increase the sample size, an additional 23 FTD patients who had undergone the same diagnostic procedure were recruited from memory clinics of the Hagaziekenhuis in The Hague (J. L.M.) and the Erasmus Medical Centre in Rotterdam (J.C.v.S.).
Data Analysis
In the period August 2002 to January 2005 from a total of 603 subjects 441 questionnaires were returned. One of the reasons for not returning the questionnaire was the lack of any reliable informant. Eighty-seven questionnaires were excluded for incorrect completion. These concerned questionnaires with ! 5 core questions filled in, or without specification of the behavioural and personal items in case of a positive answer to the screening questions.
Diagnostic Accuracy of FTD Consensus Criteria
Dement Geriatr Cogn Disord 2008; 25:157-164 159 Because the diagnosis of FTD is most relevant and most difficult in the early stages of dementia, subjects with moderate to advanced dementia (Clinical Dementia Rating 1 1, n = 36) were excluded from analysis. Moreover, subjects with an obvious explanation for cognitive decline at first presentation, other than neurodegenerative causes, were excluded. General examination revealed severe bradycardia with cerebral hypoperfusion (n = 1), severe alcohol abuse (n = 2) and delirium (n = 2). MRI identified extensive vascular involvement or strategic infarcts (n = 16), posttraumatic abnormalities (n = 3) and normal pressure hydrocephalus (n = 2). Temporal epilepsy was identified by EEG (n = 7). In all cases clinical follow-up confirmed that the clinical picture of cognitive deterioration could not otherwise be explained.
Eighty-eight patients were excluded because the clinical follow-up had been ! 1 year. Four patients had an initial diagnosis of FTD, AD or a psychiatric disorder that proved to be incorrect at follow-up. Because the follow-up of the second diagnosis was shorter than 1 year, these subjects were excluded as well.
In the included cohort we calculated sensitivity, specificity, positive predictive value, negative predictive value and likelihood ratios for the presence of 5 positive criteria (positive test) as opposed to ! 5 positive criteria (negative test) including 95% confidence intervals (CI). Where TN is true negative, TP is true positive, FN is false negative, and FP is false positive, specificity was defined as TN/(TN + FP), sensitivity as TP/(TP + FN), positive predictive value as TP/(TP + FP) and negative predictive value as TN/(TN + FN). The likelihood ratio for a positive test result was defined as sensitivity/(1 -specificity) and the likelihood ratio for a negative test result as (1 -sensitivity)/specificity. Using CIA software (version 2.1.1), 95% CI were calculated.
After the addition of 23 FTD cases from other memory clinics the diagnostic odds ratio of the 5 core criteria was calculated as the ratio between TP ! TN and FP ! FN. Lastly, answers to the 20 behavioural and personality items were evaluated within the VUMC memory clinic population.
Results
A total of 193 subjects were included in the analysis. Demographic and clinical characteristics of the main diagnostic groups are displayed in table 1 . Nineteen patients with a diagnosis of FTD were identified. Seventy patients had been diagnosed as having AD. Other dementias than FTD and AD included semantic dementia (n = 5) and progressive non-fluent aphasia (n = 2), dementia with Lewy bodies (n = 6), corticobasal degeneration (n = 3) and Parkinson's disease dementia (n = 2). Note that although the patients were at most mildly demented, MMSE scores in the lower range occurred in cases with severe language disturbances. Thirty-seven subjects had subjective complaints without cognitive impairment, and 30 subjects had mild cognitive impairment [19] . Other disorders included obstructive sleep apnoea syndrome in 1 patient and a self-limiting frontal lobe syndrome proba- Values are displayed as medians (range). MCI = Mild cognitive impairment; disease duration = reported duration of symptoms till time of diagnosis; follow-up duration = duration of clinical follow-up since time of diagnosis; CDR = Clinical Dementia Rating. bly related to cerebrovascular disease in another patient. Nine subjects mostly had symptoms of depression, anxiety or personality disorder. In 8 subjects the eventual diagnosis had been postponed. Post-mortem pathological confirmation was achieved in 1 patient with a clinical diagnosis of probable AD and in 1 patient with FTD. In table 2 measures of diagnostic accuracy are displayed. The presence of 5 core diagnostic criteria according to the caregiver questionnaire had a sensitivity of 79% (95% CI = 57-92) and a specificity of 90% (95% CI = 85-94) for a clinical diagnosis of FTD.
The 4 FTD patients who did not fulfil all 5 core criteria scored a total of 4 positive answers on the questionnaire. Thus, if a cut-off score of 4 positive core items had been applied, the sensitivity would have risen to 100%, however, at the cost of the specificity, which would have dropped to 66% (95% CI = 59-73). A score ! 5 on the caregiver questionnaire had a negative predictive value of 98% (95% CI = 94-99), meaning that a diagnosis of FTD was almost excluded.
Seventeen subjects with other diagnoses than FTD had a score of 5 core diagnostic criteria. These included 8 out of 70 patients with probable AD, 3 out of 6 patients with probable dementia with Lewy bodies, 3 individuals with subjective complaints and 2 persons in whom no definite diagnosis could be made. In 1 individual with subjective complaints and in 1 with a postponed diagnosis, a diagnosis of FTD was suspected.
Of the 19 subjects diagnosed as having FTD, 10 had abnormal structural imaging consistent with FTD, 6 had a frontal/temporal deficit on functional imaging ( 18 F-fluorodeoxyglucose PET or HMPAO SPECT) and 17 had psychometric testing suggestive of FTD. In all cases at least 1 of these ancillary investigations was abnormal. In 1 patient the diagnosis of FTD was confirmed by postmortem neuropathological examination revealing spongiosis and gliosis of the temporal cortices, hippocampi and amygdalae with tau-negative, ubiquitin-positive inclusions.
The FTD sample was then enriched with 23 patients from 2 other memory clinics with questionable to mild dementia, all of whom had had follow-up of at least 1 year. Clinical and demographic data of the total group of FTD patients are presented in table 3 . The diagnostic odds ratio of the 5 core criteria was 23 (95% CI = 10-53). The sensitivity of the 5 core criteria decreased to 71% (95% CI = 56-83).
Measures of diagnostic accuracy were calculated for the individual behavioural items for FTD (second page of the questionnaire). High specificities were found for impulsiveness (88%), change of food preferences (82%), change of hobbies (97%) and self-centredness (83%), however, with relatively low sensitivities (41, 35, 16 and 78% respectively). The items with the highest sensitivity were a reduction in spontaneous speech (less talkative, sensitivity = 94%), a change of emotional reactions (94%) and reduced planning (100%), all at low specificity (30, 39 and 12% respectively).
Discussion
This study examined the diagnostic accuracy of the core clinical diagnostic criteria for FTD operationalised in an informant-based questionnaire. The 5 core diagnostic features rated by caregivers had a good diagnostic accuracy to identify FTD among subjects presenting at a memory clinic who were at most mildly demented. The high diagnostic accuracy was maintained when combining data from our own patient cohort with those of 2 other memory clinics. Individual questions addressing different aspects of behaviour and personality were of less diagnostic value. Only a change of hobbies and interests yielded a specificity higher than the 90% specificity of the 5 core items. Moreover, impulsiveness, change of food preference and self-centredness were specific features for FTD (specificity 1 80%), at the cost of a relatively low sensitivity. Remarkably, some conducts that appear to be characteristic of FTD, such as stereotyped behaviour and perseveration, had a low specificity for FTD in our study [21, 22] .
Although in our memory clinic population the core diagnostic criteria yielded a sensitivity of 79% and specificity of 90%, we checked whether the good diagnostic accuracy was maintained by enriching our FTD sample. For this, we used the diagnostic odds ratio that is often used as a measure of the discriminative power of a test. A value of 1 means that the test discriminates at chance level. Very high values 1 1 mean that a test discriminates well. In our study the presence of 5 core items increases the odds of having FTD with a factor 23.
One of the strengths of this study is the prospective design with a relatively large number of subjects. Contrary to previous studies examining the diagnostic validity of clinical criteria by rating patient features using chart review [6, 7, 23] , the presence or absence of the core diagnostic criteria in our study was rated by the patients' caregivers. As behavioural and emotional changes that characterise the frontal lobe syndrome are highly environment dependent and might not directly come out in the structured setting of a memory clinic, caregivers who live with the patients can be considered the experts for assessing behavioural abnormality. The approach of a written questionnaire was chosen with the intention to obtain caregiver information at the highest possible reliability. The aim of the questionnaire, other than to collect behavioural information, was not disclosed to the caregivers. They were instructed to fill in the questionnaire independently of the patients. Moreover, their ratings were not influenced by the interpretation of the clinicians. Although we considered it an advantage for objectivity to use written questionnaires, it is remarkable that a relatively high number of subjects filled in the questionnaire incompletely or incorrectly. Because it was not our goal to develop a behavioural questionnaire, but to examine the presence or absence of the core diagnostic criteria of Neary and Snowden according to the caregiver by literally putting a question mark behind each criterion, we did not examine the face validity of the questions. It might be well possible that terms such as 'change of personal behaviour' were too abstract for caregivers or relatives.
Another strength is that we investigated a group of subjects with no, questionable or mild dementia, as clinical diagnosis is of most relevance in an early stage for prognostic and therapeutic reasons. The reproducibility of our findings was assessed by examining a proportion of subjects from 2 other memory clinics. Thus, our findings yield a relatively high diagnostic accuracy for FTD in an early to moderate stage, just by collecting written caregiver information. The sensitivity of the clinical diagnostic criteria in our cohort is higher than that found in a clinico-clinical study using chart review as a method to assess the presence or absence of the core criteria [7] . On the other hand, the fact that the clinical picture becomes clearer during the course of the disease might explain why sensitivities 1 79% were found in 2 other studies [6, 23] . To test this hypothesis, longer clinical followup of our cohort is needed, in particular of the 2 subjects with a positive questionnaire and a suspicion of FTD. In this respect, adding a degree of certainty to the existing diagnostic criteria, like it is applied in the criteria for other types of dementia [17, 18, 20] , would increase the awareness of cases with 'possible FTD' and encourage longterm clinical follow-up.
Although there are several explanations why our analysis could be performed in a relatively small proportion of the original number of 603, it cannot be excluded that our results were biased by the fact that caregivers of subjects with the most pronounced behavioural changes were more likely to respond than those whose partners had no remarkable behaviours.
Our results can only be considered in the context of a memory clinic setting. Misdiagnosis of FTD in the early stages is common [24, 25] . Because of the relatively young age of onset and the predominance of behavioural features, these patients are often referred for psychiatric evaluation [26] . FTD patients with the most prominent behaviour disturbances might therefore be referred to psychiatrists, whereas those with relatively more cognitive complaints are referred to a memory clinic. This selection bias could have particularly influenced the sensitivity of the diagnostic criteria in our study. On the other hand, it is conceivable that the specificity of the diagnostic criteria is much lower if the reference population consists of patients with psychiatric disorders.
We are aware that our study is hampered by inevitable circular evidence because the caregiver answers are not completely independent of the eventual clinical diagnosis. To escape full-circle reasoning, only the core criteria were evaluated using a written, informant-based questionnaire, prior to consultation. The additional personal and behavioural items served as a further specification as well as concrete examples. The clinical diagnosis of FTD, however, was based on clinician's judgements that weighed the contributions of a thorough behavioural and cognitive history and examination, supportive features including predominant frontal/temporal atrophy on MRI and executive dysfunction on neuropsychological examination, whereas subjects with features such as spatial disorientation were excluded. Moreover, the clinical diagnosis had to remain consistent over time, implicitly suggesting clinical progression. The results of this study therefore depend both on the reliability of the caregiver answers as well as clinical judgement.
Another weakness of our study is that pathological confirmation of the clinical diagnosis is lacking in the majority of cases. We excluded clear causes of cognitive disturbances, other than neurodegenerative dementia, because these could be identified at first evaluation and did not belong to the differential diagnosis of FTD. In the remaining subjects, long-term clinical follow-up was used as the gold standard and pathological confirmation was achieved in a small number of patients. As a tertiary referral centre using a multidisciplinary approach, we can rely on high diagnostic accuracy [27] , but incorrect diagnosis in a proportion of patients cannot be fully excluded.
As the core clinical characteristics are central in the diagnostic criteria of FTD, the role of additional investigations remains to be investigated. The sensitivity of MRI has been reported to be between 50 and 64% [6, 7] . Our findings seem to be in line with a relatively low sensitivity of structural neuroimaging for FTD, as only 53% had an abnormal MRI at presentation. The sensitivity of SPECT/PET scans is much higher, around 90% [7] . Despite prominent behavioural change, however, both MRI, HMPAO SPECT and psychometric testing may be normal in the early stages of FTD [28] . Thus, behavioural changes may precede abnormal investigations. This could be another argument to add a degree of certainty ('possible', 'probable', 'definite') to the existing clinical diagnostic criteria. The diagnostic accuracy of the criteria is expected to be lower in less selected and less specialised settings. Therefore, a need for biomarkers capable of identifying FTD remains. Ideally these could serve as an aid to predict pathological phenotypes as well [29] .
In conclusion the core diagnostic criteria of Neary and Snowden, applied in an informant-based questionnaire, appear to be an appropriate tool for the early diagnosis of FTD in a memory clinic. These findings stress that caregiver information plays an important role in the diagnosis of FTD. The challenge remains to evaluate the diagnostic accuracy for FTD within a psychiatric setting.
The subjects were asked to have the questionnaire filled in by a person who knew them well, for example their spouse, a relative or a good friend. The relatives or caregivers were instructed to fill in the questionnaire according to their personal view. It was requested to note the relationship of the rater towards the rated individual. 
